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3 uaARlTEINUUSUMNZTS S NUATEAUUASASTINTIT IN1TAINeN wRS
o &
iz BiEe 7 (RB-POR2-1)
4 pwan nmaldindads Scanning Electron Microscope 194 Streptomyces A1-3, A 3-3,
Streptomyces CH54-5, PL3-3, PL3-7, NS3-10,NS4-3. NS4-6, , NS6-2, NS4-14, A16-1,

A1-3 U8z A3-3

5 NMANITYURINIATIIANINATRG UL TEHAsINg *|(ISP2,ISP3, ISP4, ISPS, Starch Casein)
489 LoAR TN A1-3 UL A3-3
6 MARTIYUATNIATNETIATRG Lo mTetiasing ques woaRtuledn A16-1, a: LM ISP,
B: LW Actinomycete Isolation Agar, ¢: Ul Starch Casein Agar, d: 41 ISPS
7 awaas BS6-2 ngldinded inverted Microscope vaaNanmnuznan/ g liuuna luny
8 ﬂW‘iL’Q“}OJ‘UﬂJL%Pﬂ BS 6-2 Tuamsideda YM
9 mm‘%mmqﬁye BS 6-2 o wnsideadennamidesiu SM30
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Amiuniudafidumlungn Ascomycetes Wiauwaiineglungn Basidiomycetes  Feilanug
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Wiy PasvineresstuuaNesuasszaw wenanilifiwudn EPA uar DHA Sumuanlunisacuaunis
AOUAUDINSENIALENUNINAAATINEENIN eicosanoids (Oliver et al 2010) saxvisdaiunlflugnamnssuns
ufmownsdnd  taqtundnsedatasiiidusnsaunsrannednd  Geanldlegliiafwanusin
WAURAN Candida utilis Win Saccharomyces sp. msldtamluaivnraaiamiiu dnlfiRel s iunfusayes
aws 1y WFuly ewnsdssiamgy viteanalfiduansaiaandaslinimunils dounislidadluewnsdndlu
doulug)Wlugenvadiullsiiu - wasninazldifluevnseddnimziadegen  azidenlddasmuanldannzia
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ansueniluledniud 1 (lulasens3dan 3)  fienaldiuesduszneunileresndninsien uaznisdnm
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Haatfuprudaenisldweuiluindeaiiduden 1 pruvingeiideneliadeii#inet iy
19" meﬁwLwﬁ':miﬁmmmwﬁmmﬂmuﬁlﬂﬂﬁn%qﬁamﬁmmﬁwﬁty wiudansusudiulafiniszinm p-
lactam AR NNFusaTouINEN 1y penicilins AT  cephalosporins  NENANFBINITNNIWRWIAN LTS I
an3naFeenslinndu it Penicillium chrysogenum & NNNTNHARANS penicillin 1Hszaunng 200 1 989

e

Penicillium notatum frnannsUiulanaiug  luady Fleming AGNAWWL penicilin ATIUWINUY (T0

Penicillium chrysogenum Manfa¥waslildunin sewflefinsUfudsaudn P. chrysogenum #ldatilu

tagfugnsnairanstiuinnan P. chrysogenum 284 Fleming T9 1000 i1 (Veerapagu et al., 2008)
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nmedufeaiuueaRludednlunsiety  wlsmwalnedidmsAnetesuin Wasaindesnin

v L. M yva v < e .:‘ v [ gl ] Ai, g < =l
wany “Prumntindde LildivesjiRnsilndnzia adwlffnudfivarenenuindaniansiuleveniiv

o

sty « Addryiwuldanuenitudtdvlunzs waswuditlunzatuy weefluluiniidurindd
Viﬁﬂwuﬂﬂﬂ Hun Rhodococcus, Streptomyces, Salinispora, Microphilus, Salinispora, Salinibacterium,
Aeromicrobium marinum, Williamsia maris, Way Verrucosispora (Bull et al., 2005; Jensen et al., 2005a;
Jensen et al., 2005b; Fiedier, et al., 2005; Magarvey, et al., 2004 uar Stach et al., 2004) UARTIINTILINU
N Gandhimath.ia et al.(2007) wuin 'lumz‘ml,mﬂﬁﬁ‘ﬂﬁmﬁﬁ@géwﬁuw'mﬁw Callyspongia diffusa S WU

Ay 38.46% Wiy uerdtudedyn uazueriludednoiafiflu endophytic T aziflurfinfiaiearsuauily

Tedindugamaasyrendenslaluaulifinitueanludednia lu Tasanizedneiie Streptomyces spp.



P 1 asdnAndssruaiannnziai lfianweain weiuafFomanilindv) Adluastuduaadunds

Aagizudanimegey  (Jimenez, et al., 2009)

Compound Probable biosynthetic route or Source organism Clinical

compound type phase status
Bryostatin 1 Mixed PKS/NRPS Bugula neritina (bryozoan) I
Halichondrin B PKS2 Lissodendoryx sp. {sponge) ]
Discodermolide PKS2 Discodermia dissoluta (sponge)
Hemiasterlin (HT1-286) NRPS1 Cymbastella sp. (sponge)

Bengamide derivative

Mixed PSK/NRPS

(LAF389)
Agelasphin derivative Glycosphing
* (KRN-7000) olipid
Laulimalide PKS2
Sarcodictyin Terpene
Peloruside A PKS2
Salicylhalimides A PKS2
Thiocoraline NRPS1

Jaspis sp. (sponge)

Agelas mauritianus (sponge)

Cacospongia mycofiiiensis (sponge)

Sarcodictyon roseum (sponge)

Mycale hentscheli (sponge)

Haliclona sp. (sponge)

Micromonospora marina (bacteria)

prechnical

preclinical

preclinicat

preclinical

preclinical

NRPS= nonribosomal peptide synthase ; PKS =polyketide synthase
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- 1 dl k"3 T - = aal a o dl - oll o
Fonnane 7 WasanmsiumatseenginstanwiteatsUiisusanueailulsdniiwanainiuialy dnay
WUATTRATIALNL WA UAIUNIN LATAINIIEULBY Kelman WazAE (Kelman et al,, 2005) WUq1  waARlu
Taanluwnndann1maalinisai19a1908nnnEN TN IMATAINMAINUAIENINNATIRLAINTII UUNABY
Aniuinddudulugjacueanuinnssuuinaniamsiady 1 Auanuilaanunatsiy NN guudansig

- A o e Y o I v a o a \ Y . a
e lunziaefinuiie 3 lu 4 weviuilaniduuvasdumueafludedvetalud 7 uszdunisarsiul anuend
Tl @vniwanil (Das,et al., 2008;lsmet, et al., 2004; Jensen, et al., 1991: Solanki, et af., 2008) 1iiaeanlu
Auandaniiiunsaiivau e nddoiclusfnSoantantagniui wazisfaannsonuuuATe lungs
waafludadnivarnuaoaiiniduiu (Weyland, 1986; Maldonado, et al., 2005; Bull, et al., 2005; Bredholt, et
al. 2007:Anzai, et al., 2008; Solano, et al, 2009; Hong, et al., 2009; Prieto-Davo, et al, 2013) Inuianzi
asamnzide s yuuawmsda liinegflu durana Actinobacteridae lauianizatedisueailudedvi

' ]

at/luenfined Actinomycetales Fauilhwnslunmsdumansmfeniivd fisennvisely (Kumar. et 2.

2011, Zotchev, 2012)
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3.1 nmisusmdeusznisnagaugnsarsuayiiulainanizasueailuiednilaanasuas/mse
INA=NBUNA (Aragd eyl lavnnisifuaaatanuaulAsINIg)

3.1.1 woni@eanasimeia uazsite anaumei Tagld selective medium 3 Tiin Actinomycete Isolation
Agar(Difco), ISP2 ( International Streptomyces Project 2) uas Starch Casein Agar LLﬂﬂL‘%@‘lﬁU“}@V]‘éLLﬁ')ﬂﬁm
wmﬂﬂqu‘ﬁrguéﬁauw?ﬁ {Methicillin Resistant Staphylococcus aureus(Hospital strains), Candida albicans

TISTR 5239) n'faui’nmLgmlﬁm"m&lme‘?wmﬂ@'fuumumu%ﬂ Tuenns ISP 2 (ﬁﬁij:m 50%) i
guunil 30 °C unan 4-7 Ju

31.2 AsvadeuANANslunsaeans weuiluleRnduds MRSA was/ vse Candida albicans #qg
A% Cross streak Tmmfﬁvﬂu‘ﬁﬂu,faﬂﬁiuﬁﬁ%wnn‘l@hLﬂmﬁuﬂnlﬁlmimuumummi 15P2 dniladuniiaes
A wdninde ety fgnad 30 °C fuaen 57 u wavhvdenaaeu ( Bacilus subtilis, MRSA 21,
MRSA22 uax Candida albicans ) Mawsliasluemnnuas 87y 18-24 2u Aifianugu fdteuldfuaisezans

McFarland wN &8 0.5 W Strek Agupaniie Wiskldainiuwwonisadyueats udunaese igomnh

=

\Audn 24 Falna iRensnag Clear zone MRATY (Avneainuuaninatyeuead ultdn

acillus subtilis
MRSA 21

wenRluledn MRSA 22

Candida albicans

w
o

i 1 msneseudiewsiy felt Cross streak technique  m3rauINIsAiNaTeaNgMEL UL



3.1.3 Amagansurlivnedugineireates aalialed enmagdneuzpliie waiuinem
Fold Tasnbweailudednynlaloweiuenlonn Beeliiadyuuaiuwizge 7 30 °C Wusn 47 du udo
nerageuAnEuEn AT AN M elAndasqanssml  LATnARIanIImIBiannseu  (Scanning  Electron

Microscope)

3.1.4  Bewueniludadviiaiatseangms Misaiiatssandng Tinan luewseliasae - MuieAnmAw
wnzantesesluninaeiy wislnouneiudnatrseangns vieassadanliliuinTu  Tasdecluevis
Yauue 7 slinAe  871UNT Glucose -Yeast Extract, ISP2, ISP3 (Oat meal agar), ISP4 (Inorganic Salt Starch),

ISP5 (Glycerol-Asparagine), ISP7 (Tyrosine Agar) uaz ISP8

I ' < . . y o

315 Reawierliafiaulaniaiessesnagns  Adeainaissiadng  Iinan @asluemsmaafinudy

wanzanfian (1SP2) Taefinuimeia 25-30%  nlug Shaker # 30 °C uaziae 7 110 rpm (Thisn 7-10 Fu
g & o % ac v d' v 2/ . 0 o dl' = « - o

uwdauiuadiaeAstuuwins #1968 Nornal saline rieuinaaalyl freeze dry (We Aaadiaszdaiiansaleduly

IAsannsi 4

¥ Y dow 4 3 - i o { o e ° o v
3.1.6 duudefiliianseangnd vieliansdnaluueelin \Weardn  DNA weliasizimdnfuiua doy Test

Kitth1Alun

Un"awey: Starch Casein Agar Usznauding Soluble Starch 10.0 g, Casein 1.0 g, K,HPQ, 0.5 g, Agar 15.0 g uat Trace salt

solution 1 mi FAa8 M1 1 AMT
ISP2 Usznausag Yeast Extract 4.0 g, Malt Extract 10.0 g Glucose 4.0 g UNAL 1000 ml usx Agar 15.9

ISP3 Usznaudng $1718m 20 g, Trace salt solution 1 mi( FeSO,.7 H,0 0.1 g, MnCl,. 4H,0 0.1 g. ZnSO,. 7H,0 0.1 g)

Agar 15 g ﬁ'mﬁu 1000 ml

ISP4 Usznaudng Soluble starch 10 g, K,HPO, 1 g, MgS0, 1g, NaCl 1 g, (NH,),50, 2 g, CaCQ, 2 g.trace salt solution 1

ml, Agar 20 g, U n&u 1000 m!

1SP5 sznausng Glycerol 10 g, L-Asparagine 1 g, K2HPO4 1 g, Trace salt solution 1 ml (mTlau ISP3) Agar 15 g1

NAauW 1000 mi pH 7.0-7.4

ISP7 (Tyrosine agar). L-Asparagine 1 g, L-Tyrosine 0.5 g, K,HPO, 0.5 g,  MgSQ, 0.5 g, NaCl 0.5 g, Trace salt solution

1 ml, Agar 20 g, UWNAW 1000 ml
ISP8  1lszneumng Beef extract 3 g, Peptone 5 g, KNO, 1g, Agar 15-20 g Un&u 1000 ml, pH 7.0

3.2 gan laald 84 BS 6-1 uaz BS 6-2 Auanldannzia inasaunsiasnyueimsdaamsiuasaimg

899015 (Mnauder)  Tnandasuasdunaniswsglueng YM uazmnaudes
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" Antibiosis to
o ® @
@ @ = ol .
& £ E pu > a c (diameter of zone, cm)
=) < 53 ® 5 = < @
= Q Z & Q c a =
o] > Q =] @ = ©
= = o % %) il T %
° © o - B o 2 5 @
2 5 @ o 5 = ) 2 2 < N ® |
<q() Q I} ° g O a = o~ & 3 |
a1 g 8| @ s 81 3] % |
@ o . if |
q < < G Identified |
NS1-1 - - - -
NS1-2 + C RO 1.5 0.5 - -
NS1-3 -
NS1-4 + + o] 2.6 2.2 2.2 1.5
NS1-5 W Bn 1.2 - - -
NS1-6 + + Bn - - [’
NS1-7 - - -
NS1-8 - - - -
NS1-9 + + G Y 2.0 - - -
NS2-1 - - - -
NS2-2 + + W Bn - 0.5 0.3
NS2-3 + G Bn 0.5 0.3 -
NS2-4 - - - -
NS2-5 + G Bn 0.5 0.5 0.5 -
NS3-1 + W DY Gal 2.0 - 2.0 - Streptomyces
NS3-2 + + W Y Gal 22 - 1.6 - Streplomyces
NS3-3 + + W YBn - 3.0 - - 0.5 Streptomyces
NS3-4 -
NS3-5 + BkBn YBn - 2.8 |
Jh
Meso-
NS3-6 DAP Gal - -
NS3-7 + + G YBn - - - 02
NS3-8 + + W P - - 2.0 -
NS3-9 + + W C 1.5 - - -
NS3-10 + + % PY Gal, Ara | - - 2.2 -
NS3-11 - - - -
NS3-12 - - - -
NS4-1 + + Bn LY - - - 28
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4. NATDINIANEIAMNIMINZANTB8WMNTTRARNN 7] fiBN191a5Ty / a1999Rdnn seduerfiluledn Toe
o 4 = o e d‘d o - o ) o ‘:Il
AnRanaNuanf ludednidansinisasoiAulaindiAgariuaniasluaims Glucose-Yeast, ISP2, 1SP3
(Cat meal agar), ISP4 {Inorganic Salt Starch), ISP5 (Glycerol-Asparagine), ISP7 (Tyrosine Agar) Way

1SP8 Ruasanir e 3

o - o dod -
AN 3 HanmAseUNnaty uazireeseadngifuull uwenwnsiiang o

Isolate ID Glucose-Yeast | ISP2 ISP3 ISP4 ISP5 ISP7 ISP8 J
extract (Oatmeal) {Tyrosine)

A16-1 +++ P/P ++++ P/R ++ W/W ++ CW/C ++C/P ++ W/P ++++ G/PBn
CH54-8 ++ CWILY ++++Bn/BnY +++ WP/WP +C/IC ++ C/C +++ BnR/BnR ++ W/LY
NS2-2 ++++ LBn/Bn ++++W/BnY ++++ Gn/LBn ++{- C/C +++8n/Bn ++++ Bn/DBn ++++8n D ring/ same
NS2-3 ++++ W/BnY +++ W/LY +++ LG/LG +C/C ++ W/LG +++ G/ LG ++ WW
NS2-5 ++++ W/BnY ++++ GBn/BnY | +++ CBn/CBn + C/IC ++ W/LG +++ W/ LG +++ W/W
NS3-1 ++++ LY/LY v +++ C/ LBnY + C (no aerial) NA ++ WCWC | +++ CY/CY ++++ LY/LY
NS3-2 ++++ W/BnY ++++ W/ WY + C (no aerial) NA ++ WC +++ CY/CY ++++ WLY/LY

—
NS4-2 +++ LBn/Bn +++ Bn/ BnY ++ Bn/.Bn + C/C +C/IC +++ BnP/BnP +++ Bn/Bn
NS4-4 NA ++++ Bn/BnY NA NA NA NA NA
NS4-6 ++++ LBn/LBnY | NA + C/C +C +++ CLBn +++ PBn/PBn +++ Bn/Bn

]
NS5-1 ++++YLbn/same | + C/C +++ WC/C +C +C NA ++++ LBn'LBn |
NS5-3 +++ WY +W/C ++ W/W NA + WAW ++ W/W et WILY
NS5-4 NA ++++ W/LBn NA NA NA NA NA ;

1

NS6-2 ++++ WY +++ WC/C +++ C no aerial | NA +++ C +++ LY ++++ CLBn
NS7-3 ++++W/Y ++++WIY +++ w/C NA +++ C +++ LY/LY ++++ LY/LY
NS3-10 ++++ W/BnY ++4++ WWY +++ WC NA ++ W/WC NA ++++ LBn/LBn
NS4-14 +++ C +++C NA NA NA NA ++++ W->LY/LY
WN-POR-06-1 ++ Bn no aerial ++++ OBk +++ BnY NA ++ LBn +++ OLBn ++++ O->Bk







m‘mdﬁ 4 N@m:‘5‘1nw’wmm%qmwﬂ@nqw‘ﬁ

Candida albicans

v
o o

Fudaq

Auviidyn waed lultd@viiairsansaenoy

A LaNUNs

<l

H AN pH FIN T

InemeseUn VSt

o

v
A

&
YIEsH MRSA LAz

Isolate MRSA 21 MRSA 22 MRSA 39 C. albicans

pH 7 pH7.5 pHB8.0 pH9.0 pH 7 pH7.5 pH8.0 pHS.0 pH7 pH7.5 pHB.0 pHQ9.0 pH 7 | pH7.5 pHB.0 SIREERS}
NS 5-3 1.1 15 1.6 13 15 18 20 17 12 20 20 16 0 0 0
A16-1 10 |12 |06 |10 |10 09 |04 |08 |12 12 ;03 |03 o .0 0

1.1 13 1.4 08 10 15 14 0.5 10 15 135 | 095 0 "o 0
NS 1-4 - ;‘

0 0 0 0 0 0 0 0 0 0 0 0 0 Lo 0

23 26 3.0 24 28 275 | 28 205 |39 295 |34 2.95 12 |o 0 ’
NS 4-6 :

115 |20 2.0 185 | 1.2 23 23 205 |16 17 16 1.2 0 0 0 o
NS 6-2 |

1.0 12 16 16 11 14 18 18 14 17 18 2.0 0.4 l 12 0.7 ok
NS 4-1 ;

i, Inedmanszozued clear zone idumsiime
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5 -1 P8 v = = o o La - o
8. W maUTN NN 'Mﬂ'ﬂluﬂuiﬂim’]? 3 UaTy 4 LW@'aﬂﬂﬂq?WﬂﬂﬂUqV\ﬁmQﬂqW@u j(anhoxtdant) U/

Fipzinealasiy (AN5199 5)

ae wom A o a4 s ‘ a4 o o o X
weAi lulsdvngnAnreniienaneasUTunmniederialasan1sf 4 uashl 3 Tnsastinnndes

Tuauisiman ISP2 U3a Glucose yeast extract iTwnan 10-14 44 9 30 asAnradaa weandewnaldainiai

110 rpm LIRS Fn835 centrifuge WENITAR LATAILLDI9WMNIALUTERENAINNY  tHeAATIZTNNUNsA

Ty uay ansueuiesndunauy tnadadumadidon

Felfunuemilugdednsaluil (m3eh 5)

a a0 oo AWve A v - T 1 A o Py Py p
AT 5 Ll@ﬂmiumﬁ’nﬂmiﬂﬂﬂlﬂ@niﬂLL@:I@L@?.NL‘ﬁ@lﬁﬂqquﬂLWﬂuquIﬂ?\iﬂf]?V\ 3 LL@:TF’TNH']?V\ 4 \WWBNI7

AN TATY LAZANTULOURDANTUAUN

Isolate 1D Fatty acid Antioxidant analysis Crude extract{g wet
analysis wt/ medium (mf})
weAituudedn andunys
CH 54-5 Cell Cell and medium 88.74/2,250
CH54-8 Cell and medium 75.55/1,500
WA R lLWleTn Angays
C15-1 Cell Cell and medium 35.30/700
A16-1 Cell Cell and medium 18.56/1,000
woAR LN AN UAIATEIINIY
PL1-2 Cell Cell and medium 14.22/500
PL2-2 Celi Cell and medium 73.15/500
PL2-3 Cell Cell and medium 5.56/500 |
PL2-5 Cell Ceil and medium 12.33/250 1
PL3-6 Cell Cell and medium 17.91/250
PL3_7 Cell Cell and medium NA/250
PL3-10 Cell Cell and medium 14.28/400
PL4-2 Cell Cell and medium 12.78/250
PL4-4 Cell Cell and medium 5.44/250
PL4-6 Cell Cell and medium 67.5/2,250
PL4-10 Cell Cell and medium 7.57/250
PL4-14 Cell Cell and medium 41.64/1,000
PL5-1 (Glucose-Yeast extract) Cell Celf and medium 29.51/250
PL5-3 Cell Cell and medium 6.54/250
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HADINNSAAS LHMEIGUIE Vo9 IRNA B mmqwaﬂﬁiuﬁm%ﬂﬁﬁqﬂéﬁué’m%uﬁé HAZEIAIHEYYaBa S
16S rDNA sequence

A16-1
CGTCAGGACGAACGCTCGGCGGCGTGCTTAACACATGCAAGTCGAACGATGAAGCCCTTCG
GGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGCAATCTGCCCTGCACTCTGGGAC
AAGCCCTGGAAACGGGGTCTAATACCGGATACTGACCATCTTGGGCATCCTTGATGGTGG
AAAGCTCCGGCGGTGCAGGATGAGCCCGCGGCCTATCAGCTAGTTGGTGAGGTAATGGCT
CACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCCTG
ATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGCAGGGA
AGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCGCCGGCTAACTACGTGCCAGCAGCCGC
GGTAATACGTAGGGCGCGAGCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGG
CTTGTCGCGTCGGTTCTGAAAGCCCGGGGCTTAACCCCGGGTCTGCAGTCGATACGGGCA
GGCTAGAGTTCGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATC
AGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCGATACTGACGCTGAGGAGCGAAA
GCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGGTGGGCACTA
GGTGTGGGCAACATTICCACGTTGTCCGTGCCGCAGCTAACGCATTAAGTGCCCCGCCTGG
GG-AGTACGGCCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGG
AGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGACATACACCGGA
AACGTCCAGAGATGGGCGCCCCCTTGTGGTCGGTGTACAGGTGGTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCCCGTGTTG
CCAGCAGGCCCTTIGTGGTGCTGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAA

GGTGGGGGACGACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAA
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TGGCCGGTACAATGAGCTGCGATACCGCGAGGTGGAGCGAATCTCAAAAAGCCGGTCTCA
GTTCGGAATTGGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGA
TCAGCATTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACGTCACGA
AAAGTCGGTAACACCCGAAAGCCGGTGGCCCAACCCCTTGTGGGAAAGGAGCTGTCGAAA

GTGGGACTGGCGATTGGACA
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Sixteen samples of marine sponges were collected at Wangnok island, Nakhon Sithamarat Province, to isolate for
actinomycetes. isolation media were ISP2 (International Streptomyces Project 2), actinomycete isolation agar and
starch casein agar. Each sample of sponge was ground with normal saline before the fine suspension was inoculated
and spread onto the medium plates, triplicately. The plates were incubated at 30° C for 4 weeks observation. Two
isolates of actinomycetes, Micromonospora POR 02{MP02) and Micromonospora POR 06 {MP06) were found from
Chalinidia sp. and Dysidea sp., respectively. Both isolates were found to be antimicrobial producing strains against
methicillin reistant Staphylococcus aureus (MRSA}and Bacillus subtilis. Crude extract products were prepared from
both cells and cultured medium of MP02 and MP 06. interestingly, by disc diffusion assay, all of 23 hospital strains of
tested MRSA were inhibited by methanol crude extract from cells of MP 06 which showing a small difference of
inhibition distance zone to that of vancomycin (45 pg/disc) . The MIC,, of {medium) MPQ2 and (cell) MP06 crude
extracts to MRSA SP83 showed the same range, 64-128 pg/mi, while MIC, of (cell} MP02 crude extract ranging from
128-256 pg/ml. Antioxidant activity was assessed on the basis of scavenging effect on stable 1, 1-Diphenyl-2-Picryl
Hydrazyl (DPPH) free radicals. We found that the crude ethyl acetate extract from growth medium of MP06, but not
MP02, showed good antioxidant activity compared to that of ascorbic acid. Although not many actinomycetes were
found from sponges, but the recovered isolates were rather promising to study further some other bioactive
metabolites.
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Abstract

Methicillin-resistant Staphylococcus aureus, MRSA, 13 any stran of Staphvlococcus aureus that has developed resistance
to beta-lactam antibiotics, which include the penicilling  (methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the
cephalosporins. It 1s also called multidrug-resistant Staphylococcus aureus and oxacillin-resistant Staphylococeus aureus
(ORSA) and difficult to be treated in several infections in humans.  Streptomyces A16-1. an antimicrobial producing
strain, isolated from coastal sotl was cultured on ISP2 (Intemational Streptomyces Project 2} medium for 3 days before
anti-MRSA activity was investigated by cross streak method. Thirty strams of MRSA 1solated from pus, sputum and
hemolymp of patients were test orgamisms. The result showed that all the MRSA tested strains were inhibited by
Streptomyces Al6-1, except MRSA SP83.  Ethyl acetate crude product of Steptomyces Al6-1 separated by TLC and
bioautography assay revealed that the strain produces many active compound against MRSA SP22. Partial purification
of the crude product was carried on by silica gel column chromatography and 21 fractions were collected.  After
concentrated, anti-MRSA activity of each fraction was detected by bioautograpgy assay. It was revealed that 6
components of fraction 6, 5 components of fractions 7-9 and 2 components ol fractions 10-12, and fraction 5 were
active components against MRSA P45,  All the results showed that  Streptomyces  Al6-1 produced many active
compounds against various strains of MRSA isolated from patients. By [6S rRNA gene sequence analysis and by

morphological studies, Streptomyces A16-1 was 98.961% similar to Streptomyces spinoverrucosus.
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Introduction

Staphylococci are amongst the most hardy of the nonspore forming bacteria and can survive significant adverse
environmental conditions. They can be easily cultured from dessicated clinical material, even after several months, are
relatively heat-resistant and can tolerate high salt concentrations. S aureus 1s one of the most prevalent of this genus and
has been a recognized pathogen in humans for centuries (Wad Vogel ,2000).

MRSA i3 any strain of Staphylococcus aureus that has developed resistance to -, which
include the penicillins (methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and the cephalosporins. Strains unable to resist
these antibiotics are classified as methicillin-sensitive Staphylococcus aureus, or MSSA. The development of such
resistance does not cause the organism to be more intrinsically virulent than strains of S, aureus that have no antibiotic
resistance, but resistance makes MRSA infection more difficult to treat with standard types of antibiotics and thus more

dangerous.

Generally, reservoir of S. aureus in human body 1s the anterior nares, although other sites such as the groin,
sxillae and perineal ares have been described as well. Approximately 20% to 40% of the adult population may be
colonized at any given time, depending on a number of local and epidemiological factors. On an individual basis, about
30% of the adult population will be chronic carriers, 50% will be intermittent carriers and another 20% do not seem to
become colonized. If the mucous membranes or the skin barrier are breached from trauma or surgical intervention, S
aureus may enter the soft tissues and establish an invasive infection. This background make us understand why S aureus
continues to be a major human pathogen that infects both healthy hosts in the community as well as compromised hosts
in the hospital (Payne, et al., 1996; Sanford, et al., 1994).

The emergence of MRSA in Canada 1s a phenomenon in last 2 decades, raising considerable concern because
this type of S. aureus would cause infections difficult to treat in the outpatient (Conly, et al.,2003). In Thailand, the
National Antinucrobial Resistance Surveillance Thailand (NARST) program, studied an overview of the
antimicrobial susceptibility patterns of important Gram-positive bacteria from between2000 and 2005 as well as the
clinical implications. It was found a constant occurrence of methicillin-resistant S. aureus (MRSA) was noted during this
period (Mootsikapun et al.,2009). NARST reported that MRSA contributes sigruficantly to either healthcare-associated
or hospital acquired infections in Thailand. Further more, MRS A 1s also associated with community-acquired infections
in western countries. The data of NARST surveillance indicated that MRSA constantly contributed 24% to 27% of all S.
aureus clinical isolates from most hospitals duning the study peniod. except from certain university hospitals where the
percentage ranging between 30% and 60%. Thus, from now on searching for more other type of antibiotics 10 conguer
MRSA would be an urgent task.

Actinomycetes are well known having produced thousands of bioactive compounds. In the past two decades,
however, there has been a decline in the discovery of new lead compounds from common soti-derived actinomycetes.
Recently scientists started searching various extreme ecosystems such as deep sea, forest, mountains and deserts for the

discovery of novel actinomycetes and novel antibiotic compounds (Jensen, et al., 20035; Valan, et al., 2008;



Radhakrishnan, et al., 2007). The purpose in this present study was to find new antibiolics or bioactive compounds from
actinomycetes isolated from Thai coastal soil.

Naorungrote, et al. (2011) reported that out of different 64 isclates of dctinonycetes isolated from soil
samples in Nakhon 51 Thammarat, 19 exhibited ant MRSA activity in which 10 1solates could inhibat ull {ested MRSA.
Some isolates exhibited the anti-MRSA activities on both agar plug and agar well diffusion methods and from taxonomic
studies all these 1solates belong o Streptomyces:  Streptomyees sp. CFI2, Streptomyvees antibioticus strain 1022-257,
Streptomyces flaveolus strain NRRL B-1334, Strepronyces psammoticus stram NBRC 13971 and Streptommces sp. b26
(Naorungrote, 2011). Up to present. actinomycestes still be a prominent group and promising bacteria for scientists to

search for novel antibiotics and other new etfective bicactive compounds.

Experimental and Methods
1. Isolation and purification of Actinomycetes

Streptonnces A16-1 was isolated from tropical coastal soil in Chonbun Province, Thailand , on Starch Casein
Agar. The soil was pretreated at 55 C for 30 min before spreading on the agar medium, then incubated at 32 °C for a
week. The colony was purified on the same medium after appearing on the isolation plate, kept at room temperature, 25 °

C, for further studies and preserved in 20% glycerol at -40 °C.

2. Preparation of MRSA test strains.

All tested MRSA were isolated from patients’ specimens: pus-, sputum-, urine- and haemo-culture, and
classified by standard method as described in Holt et al. (1986), Colie et al. (1996) and Hakim et al. (2007). Tested
MRSA were streaked on Tryptic Soy Agar, incubated at 30°C for 24 hours and concentration adjusted as 0.5 Mcfarland
(10° CFU/ml) in Tryptic Soy Broth before use.

3. Preliminary anti-MRSA activity study.

Anti-MRSA activity was invesugated by wross streak method after Strepromyces Al6-1 was cultured on
ISP2 (International Streptomyces Project 2) medium for 4 days and extended the incubation time for another day before
the result was read.
4. Extraction and partial purification of crude bivactive compounds.

Streptomvces A16-1 was cultured in ISP2 broth, 100 rpm reciprocal shaked, at 30° C for 10 days.

Separated cells and medium by centrifugation before crude compounds were extracted by methanol and ethyl acetate,
respeclively. The crude compounds were preliminary separated by thin- layer chromatography on silica gel plate. Partial
purification of the crude product was continued through silica gel column chromatography, eluded by chloroform,
chloroform:methanol = 95:5, 90:10, 80:20 and 70:30, respectively. Fractions were collected, 50 ml each, and solvents
were concentrated by evaporation.
5. Bioautography assay study.

Antimicrobial activity to MRSA of the partially purified compound from TLC was tested by bioautography

method. The concentrated crude, partial purification, products were spot on TLC (Silica Gel 60, 4x4.5 cm), separated



with chloroform and methanol and placed on agar medium plates pre-swabbed with MRSA P45, Left the separated
component spots well absorbed at 47 C for 4 h and incubated for another 24 h aller the chromatograms were taken out,

and the inhibition zones on agar plates were observed.

6. Morphology and molecular studies.

Streptomyces Al6-1 was streaked on 1SP2 medium plate, incubated at 327 C for 3-4 days and examined
both under inverted light microscopy and scanning electron miroscopy. Aerial, substrate mycelium and spore chain type,
including ultra structures of the strain were noticed.  Molecular study was performed by analysis of 16S rRNA gene

sequencing and the BLAST matching from GenBank sequences data base.

Results and Discussion

Preliminary test for anti-MRSA activity of Streptoniyces A16-1 to 29 strains of MRSA: MRSA SP1, MRSA
SP5, MRSA U7, MRSA P9, MRSA HI16, MRSA SP21, MRSA SP22, MRSA SP27, MRSA SP31, MRSA SP37, MRSA
SP39, MRSA SP41, MRSA SP45. MRSA SP47, MRSA SP58, MRSA SP61, MRSA SP64, MRSA P65, MRSA H7S,
MRSA SP78, MRSA SP79, MRSA SP83, MRSA P86, MRSA SP86, MRSA SP89, MRSA P90, MRSA SP117, MRSA
SP120, and MRSA SP138 revealed clear inhibition zone mostly in range of 10-15 mm from the Streptomyces streak.
Only MRSA SP86, MRSA SP78 and SP 41 that inhibition zones were lesser from the range, 4 mm ,6 mm, and 7mm
respectively. Partial purification of the crude product gave 21 fractions, but fraction 7-9, 10-12, 13-16, 17-19 and 20-21
showed similar pattern of components on chromatograms. Anti-MRSA P45 activity was revealed by bioautography
assay. Six and 5 component spots from fraction 6 and fraction 7-9 showed anti-MRSA activity, 2 component spots from
fraction 5 and fraction 10-12 as well. These data indicated that Strepromyces A16-1 produced many bioactive
compounds nhibited to vanous sources of MRSA. Data from morphological and molecular studies revealed

Streptonnces A16-1 having 98.961% simlanty to Streptomyces spinoverrucosus

Conclusions
As  Strepromyees A-16-1 capably well inhibited all MRSA tested 1solates, 1t 15 a promising strain to be

developed for further anti-MRSA antibiouc production or for further pharmaceutical study.
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